The relationship between homocysteine levels and glaucoma has been questioned in previous studies without conclusive results. In the current study, we assessed the relationship between homocysteine levels and intraocular pressure which is one of the main factors in the development of glaucoma in men and women.
Introduction
Glaucoma is a major healthcare-associated morbidity worldwide. Approximately 60 million people are affected by glaucomatous optic neuropathy, while three-quarters out of these cases are open-angle glaucoma. [1] It is estimated that around 8.4 million people worldwide are blind as the result of glaucoma, and actually, after cataracts, glaucoma is the second leading cause of blindness worldwide [1, 2] and the main reason for blindness among African Americans. [3, 4] The major risk factors for developing open-angle glaucoma include age, black race, family history, and elevated intraocular pressure (IOP). [5, 6] Other risk factors include hypertension, [7] diabetes mellitus, [8] hypothyroidism, [9] vitamin B12 deficiency, and folic acid deficiency. A large body of literature describes the association between elevated IOP and both the development and progression of open-angle glaucoma. [11] [12] [13] Indeed, treatment of glaucoma primarily focuses on lowering IOP. [14] Homocysteine (Hcy) is an amino acid which serves as an intermediate in methionine metabolism to cysteine. [15] Hyperhomocysteinemia refers to elevated plasma levels of Hcy. It could result either from genetic defects in enzymes involved in its metabolism, [16] nutritional deficiencies in vitamins cofactors such as vitamin B12 and folic acid or from other factors including chronic medical conditions [18] and drugs [19] . Both elevated Hcy levels and glaucoma were found to be related to increased risk of vascular disease [17, [20] [21] [22] as well as chronic kidney disease. [23, 24, 25] The rational to investigate the relationship between Hcy and glaucoma is based upon studies which demonstrated glaucoma to be related with increased risk of cardiovascular diseases [26] [27] [28] and upon studies that showed a correlation between elevated Hcy levels and glaucoma, especially the pseudoexfoliative subtype in
comparison to primary open-angle glaucoma and normotensive glaucoma. [29] [30] [31] Nonetheless, studies issuing this relationship yielded conflicting results. In their meta-analysis, Xu et al [32] pointed to a possible relationship between elevated Hcy levels and open-angle glaucoma yet the investigated studies included a small number of subjects and suffered from significant betweenstudy heterogenicity. As elevated IOP is a major risk factor in the development of glaucoma, a question arises concerning a possible relationship between Hcy and IOP as well.
In the current study, we investigated the relationship between Hcy levels and IOP in both men and women in a large cohort from Israel.
Subjects and methods

Study population and design
A large health database was analyzed from a screening center at the Rabin Medical Center in Israel between the years 2000-2013. The population that attends the center for screening comprises subjects sent by their employers for an annual medical examination. The subjects attending the center include men and nonpregnant women within an age range of 20 to 80 years. Hospitalized patients are not examined. Each subject undergoes a thorough medical history evaluation and a complete physical examination along with a broad series of blood and urine tests, a chest x-ray, an electrocardiogram, an exercise stress test, and a respiratory function test. Subjects may return once a year for a repeat investigation. For the purpose of this study, we used data from each subject's most recent visit. All subjects were evaluated by an experienced ophthalmologist who performed a full ophthalmology examination including Goldmann applanation tonometry. Measurements of IOP were performed in the sitting position between 8:00 am and 11:00 am. In this study, we used the IOP measurement of the right eye for assessment. We categorized IOP as <21 mm Hg or >21 mm Hg. [33] Diagnosis of glaucoma has been retrieved from the diagnosis registry key written by the ophthalmologist on the day of the examination. Hcy levels were defined as normal if measured 15 mmol/L or less and elevated if measured higher than 15 mmol/L. [34] For the determination of plasma homocysteine, fresh blood samples were immediately cooled on ice and protected from light. The plasma was separated by cold centrifugation and kept in refrigeration (2-8°C) until assessment. Assessment was performed once or twice weekly on the Abbott Axsym system using a Fluorescence Polarization immunoassay technology.
We have examined the relationship between Hcy and IOP, first by comparing IOP in subjects with elevated and normal Hcy levels and thereafter by comparing Hcy levels in subjects with elevated and normal IOP. For this purpose, subjects with glaucoma or those undergoing surgery for glaucoma were excluded from the study. In addition, we compared the levels of Hcy in subjects with and without a confirmed diagnosis of glaucoma. The study was approved by the Helsinki Ethics committee of the Rabin Medical Center.
Statistical analysis
Student's t-test and Chi-square test for continuous and categorical variables, respectively, were used to compare the means of baseline characteristics of men and women. The Pearson correlation index was used to assess the correlation between IOP and Hcy. Hcy levels were compared in subjects with normal versus elevated IOP and in subjects with diagnosis of glaucoma versus subjects without the diagnosis of glaucoma using Student's t-test. Multivariate adjusted analysis of variance (ANOVA) was used to assess the difference between the mean (95% confidence interval [CI] ) IOP in subjects with elevated Hcy levels compared to the mean IOP measurement in the normal Hcy levels reference group. Parameters included in the multivariate analysis were Hcy, age, gender, vitamin B12, and folic acid. All analyses were conducted using SAS 9.4.
Results
Baseline characteristics
From 2000 to 2013, data on11,850 subjects were recorded and included all the data relevant for this assessment. The clinical characteristics of the subjects are presented in Table 1 . The mean age of the study sample was 47.0 ± 9.5 years, 68% were males and 32% females. Mean IOP was higher in men than in women; 13.4 ± 2.5 vs 13.0 ± 2.2 mm Hg respectively (P < 0.001). There were no statistically significant differences between males and females as to their age and smoking pattern. Men had significantly higher levels of body-mass index (BMI), low-density-lipoprotein (LDL) Table 1 Baseline characteristics of the study population (N = 11,850). cholesterol, and triglycerides and higher rates of hypertension and diabetes mellitus (P < 0.001 for all). In contrast, thyroid stimulation hormone (TSH), high-density-lipoprotein (HDL) cholesterol, vitamin B12 and folic acid serum levels were significantly higher in females (P < 0.001).
Relationship between homocysteine and IOP in subjects without glaucoma
There was a positive correlation between IOP and Hcy, r = 0.033, P < 0.001. A scatter plot summarizes the results (Fig. 1) . Mean IOP (±standard deviation [SD]) in subjects with elevated Hcy levels (>15 mmol/L) was 13.4 ± 2.4 mm Hg, which was statistically significantly higher compared to those with normal Hcy levels 13.2 ± 2.3 mm Hg (P < 0.008). Nonetheless, after multivariate adjustment, statistical significance was no longer demonstrated for Hcy (P = 0.37) and the only factors influencing IOP were age and gender (P < 0.001 for both) ( Table 2) . Hcy levels were also compared between subjects with normal and elevated IOP (Fig. 2) . In univariate analysis, there was no statistically significant difference between both groups, with the mean Hcy levels (±SD) in subjects with normal IOP being 11.7 ± 5.5 mmol/L compared to 12.09 ± 3.43 mmol/L in those with elevated IOP (P = 0.4).
Relation between homocysteine and glaucoma
Several previous cross-sectional and longitudinal studies [29] [30] [31] [32] have investigated a possible correlation between Hcy and glaucoma yielding conflicting results. Therefore, in our cohort, we also examined the relationship between Hcy and glaucoma.
As shown in Fig. 3 , in univariate analysis, there was no statistically significant difference in the mean Hcy level in subjects with diagnosis of glaucoma compared to those without glaucoma and normal IOP (11.2 ± 3.5 mmol/L and 11.7 ± 5.5 mmol/L, respectively; P = 0.4, 95% CI 1.2-2.1).
Discussion
As glaucoma is a leading cause for blindness worldwide, efforts should be taken in order to minimize and recognize in advance risk factors which contribute to its development including elevated IOP. Several metabolic factors thought to be related to the development of elevated IOP, including Hcy levels, have been investigated in the past. In the current large cross sectional study, 11,850 subjects attending a screening examination center in Israel were evaluated for the relationship between IOP and Hcy levels in both males and females. We analyzed this relationship in several aspects. We studied IOP levels in subjects with normal and elevated Hcy levels, as well as Hcy levels in subjects with normal and elevated IOP. It is important to emphasize that in both cases subjects with the diagnosis of glaucoma were excluded, since those subjects were already treated with IOP lowering medications which could alter the effect of Hcy on IOP. Although the level of IOP in subjects with elevated Hcy levels was minimally elevated compared to subjects with normal Hcy levels, the levels in both groups were almost identical in absolute numbers and it was fair to conclude that it probably has no clinical weight. Indeed after multivariate Figure 1 . Relationship between homocysteine and intraocular pressure in subjects without glaucoma. Hcy = homocysteine, IOP = intraocular pressure. Table 2 Multivariate analysis of the relationship between homocysteine and intraocular pressure in subjects without glaucoma. adjustment for age, gender, vitamin B12 and folic acid, there was no statistical difference between the groups. Similarly, no statistical difference has been demonstrated comparing Hcy levels among subjects with normal and elevated IOP. Furthermore, we also examined Hcy levels in those subjects with confirmed diagnosis of glaucoma compared to those without glaucoma and normal IOP levels and found no statistical significant difference between the two groups.
Our findings imply that there is no clinical significant relation between IOP and Hcy levels; hence, Hcy may not be used as a predictive parameter for elevated IOP. So far, the relationship between IOP and Hcy has not been investigated directly except for 1 small-scaled study of Chang et al [35] who examined the association between IOP and several metabolic parameters, among them Hcy. In their study, no significant correlation between Hcy and IOP has been demonstrated. Nonetheless, the study was limited by small sample size and the usage of noncontact tonometry which is less accurate measurement technique of the IOP.
Our study is notable for the large number of subjects assessed, that is, 11,850 subjects, with complete data sets. The population of our study largely represents a western population and includes a broad range of ages. Possible gender differences were taken into account and all analyses were performed separately for males and females. As results were the same for both males and females, we have presented the results combined for both genders. We performed regression analysis for vitamin B12 and folic acid, commonly associated with Hcy. Roedl et al [10] investigated the levels of folic acid and vitamin B12 and their associations with Hcy in subjects with pseudoexfoliation syndrome (PEXG), which is a common subtype of glaucoma. All subjects with PEXG had an elevated IOP of >21 mm Hg. Folate and vitamin B12 levels were found to be significantly decreased and associated with elevated Hcy levels in subjects with PEXG. Their conclusion was that PEXG is associated with B-vitamin deficiency and hyperhomocysteinemia and that further investigations are necessary to evaluate the causal relationship of these results. Our results imply whenever folate, vitamin B12, and Hcy are risk factors for glaucoma, their pathogenic mechanism might not be mediated via increased IOP. In relation to PEXG, other mechanism aside from elevated IOP, such as the contribution of Hcy in the progressive build-up of abnormal extracellular fibrils in ocular and extraocular tissues, were proposed. [29, 31] Our study has some limitations. Data from this study were drawn from a selected population that attends an examination center. This center is funded by employers and hence may not be generalizable to nonemployed populations. Furthermore, our study is cross-sectional and hence causality cannot be determined.
Although our study focuses on IOP, we also issued the question regarding glaucoma and its relation to Hcy levels. As shown above, no statistically significant difference was found in Hcy levels between subjects with and without glaucoma. Nonetheless, the sample size of those subjects with glaucoma was quite small (N = 42) and data regarding the precise type of glaucoma was lacking. Specifically in respect to the correlation between glaucoma and Hcy, further larger scale studies should take place.
In summary, this large cohort of subjects displayed no clinical correlation between Hcy and IOP. We conclude that Hcy should not be used as a predictive parameter to recognize those subjects prone to develop elevated IOP. The question still remains as to the association between Hcy and glaucoma via other pathogenic mechanisms.
